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Abstract
A history of childhood adversity is associated with psychotic disorder, with an increase in
risk according to number or severity of exposures. However, it is not known why only some
exposed individuals go on to develop psychosis. One possibility is pre-existing genetic vul-
nerability. Research on gene-environment interaction in psychosis has primarily focused on
candidate genes, although the genetic effects are now known to be polygenic. This pilot
study investigated whether the effect of childhood adversity on psychosis is moderated by
the polygenic risk score for schizophrenia (PRS). Data were utilised from the Genes and
Psychosis (GAP) study set in South London, UK. The GAP sample comprises 285 first-pre-
sentation psychosis cases and 256 unaffected controls with information on childhood adver-
sity. We studied only white subjects (80 cases and 110 controls) with PRS data, as the PRS
has limited predictive ability in patients of African ancestry. The occurrence of childhood
adversity was assessed with the Childhood Experience of Care and Abuse Questionnaire
(CECA.Q) and the PRS was based on genome-wide meta-analysis results for schizophre-
nia from the Psychiatric Genomics Consortium. Higher schizophrenia PRS and childhood
adversities each predicted psychosis status. Nevertheless, no evidence was found for inter-
action as departure from additivity, indicating that the effect of polygenic risk scores on psy-
chosis was not increased in the presence of a history of childhood adversity. These findings
are compatible with a multifactorial threshold model in which both genetic liability and expo-
sure to environmental risk contribute independently to the etiology of psychosis.
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Introduction
One widely replicated environmental risk factor for psychosis is exposure to adverse experi-
ences in childhood [1,2], such as physical or sexual abuse, or parental separation. Furthermore,
the literature suggests that adversities are damaging if they are overwhelming and persistent, as
demonstrated by a high rate of multiple childhood traumatic experiences in people with psy-
chosis [3]. It is not known why only a small proportion of individuals who experience adversity
in childhood later develop psychosis. One possibility is pre-existing genetic vulnerability. In
the absence of direct genetic data, researchers have used familial aggregation of psychiatric dis-
orders as proxy measures of genetic risk. However, most of the studies involving familial liabil-
ity have been restricted to general population samples and results are still controversial [4–9].
Only two studies have investigated the interplay between childhood adversity and familial risk
for mental health problems in a first-episode psychosis sample [10,11] and found no evidence
of gene-environment interaction. To date, interactions between potential molecular genetic
susceptibility and exposure to childhood adversity in predicting development of psychosis have
mainly focused on candidate genes such as FKBP5 [12,13], BDNF [14,15], and COMT [16].
Recent research indicates that many (probably thousands) of genetic loci confer risk for psy-
chosis and that common variation in the form of SNPs can be used to tag these loci [17].
Although individually small, in aggregate these effects are quite predictive of risk, with one
method of aggregation being polygenic risk scores [18]. The capacity of a polygenic risk score
(PRS) to predict onset of schizophrenia has been established and has been found to explain up
to 7% of additive genetic liability for this severe mental illness [17]. However, very little has
been done to examine the interaction between PRS and childhood adversity in predicting psy-
chiatric disorders. Those studies that do exist have explored this interaction in relation to risk
of depression [19,20], health problems and alcohol use [21,22], and smoking behaviour [23],
and the findings consistently support the presence of a GxE interaction. However, no studies to
date have explored whether a PRS modifies the association between childhood adversity and
onset of psychotic disorders.
Therefore, the current pilot study aimed to investigate associations between polygenic risk
scores, childhood adversity, and psychosis case status in a sample of first-presentation psycho-
sis cases and unaffected community controls. We have previously shown in this sample that
different forms of childhood adversity are associated with presence of psychotic disorder [11],
and that a schizophrenia PRS accounts for 9% of the liability to psychotic disorder [24]. We
hypothesized that cumulative exposure to adversity during childhoodwould moderate the
association between a schizophrenia PRS and psychotic disorder.
Methods
Study Design and Participants
The sample was drawn from cases and controls who participated in the Genetics and Psychosis
(GAP) study from the Lambeth, Southwark, Lewisham and Croydon adult in-patient and out-
patient units of the South London &Maudsley (SLAM)Mental Health National Health Service
(NHS) Foundation Trust. Participants from this study were included if they had been assessed
regarding childhood adversity and provided an analysable sample of DNA. Inclusion criteria
for cases were: aged 18–65 years, presenting to psychiatric services for the first time with a psy-
chotic disorder (codes F20–29 and F30–33 from the International Classification of Diseases
[ICD-10]) [25], and resident within tightly defined catchment areas in Southeast London, UK.
Exclusion criteria were: organic psychosis; intelligence quotient (IQ) under 70; previous con-
tact with services for psychosis, and transient psychotic symptoms resulting from acute drug
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intoxication. ICD-10 diagnoses were determined using data from the Schedules for Clinical
Assessment in Neuropsychiatry (SCAN) [26]. Validation of clinical diagnosis was obtained
using the computerized Operational Criteria system (version 2004) [27]. All diagnoses were
performed by qualified psychologists and psychiatrists, subject to comprehensive training and
achievement of good inter-rater reliability (κ = 0.91). Patients diagnosed as having bipolar dis-
order or major depression with psychotic symptoms were included in the affective psychosis
group (ICD-10 codes F30-33), while patients with schizophrenia, schizophreniform disorder,
and schizoaffective disorder formed the schizophrenia-spectrumdisorders group (ICD-10
codes F20-29).
Controls were aged 18–65 years and recruited from the local population living in the area
served by the Trust, by means of internet and newspaper advertisements, and distribution of
leaflets at train stations, shops, and job centres. Efforts were made to obtain a control sample
that was representative of the general population in age, gender, ethnicity, educational qualifi-
cations, and employment status. The Psychosis ScreeningQuestionnaire (PSQ) [28] was
administered to all potential control group participants; individuals were excluded if they met
criteria for a psychotic disorder.
Measures
Childhoodadversity. The ChildhoodExperience of Care and Abuse Questionnaire
(CECA.Q) [29] was employed to retrospectively elicit information on a range of adverse child-
hood experiences from participants. Physical abuse by the main mother and father figures
(usually, but not necessarily, the biological parents), sexual abuse by any adult or an individual
at least 5 years older than the recipient, separation from a parent for at least 6 months, death of
a parent, taken into institutional care, and number of family arrangements, all prior to 17 years
of age, were assessed. The CECA.Qwas read out to all participants during face-to-face inter-
views to improve the accuracy of the fixed category responses obtained. This questionnaire has
been shown to have good internal consistency [30], satisfactory levels of test-retest reliability
over 7 years in a similar psychosis sample [31], and reasonable concurrent validity with existing
measures [29–31].
Genotyping and quality control. DNA was obtained from all participants that completed
the CECA.Q. Seventy-five percent of DNA samples used originated from blood and 25% from
cheek swabs. All the genotypes underwent extensive manual quality control (QC) using Geno-
meStudio. Only swabs when DNA met quality standards were included in the analysis.
During QC, SNPs were excluded that: deviated from Hardy–Weinberg equilibriumwith a
P-value <1×10−5 in controls; had a minor allele frequency<1%; or were missing in>1% of
individuals. Individuals were excluded that: had discordant gender information; a genotyping
failure in more than 1% of SNPs; or if there was genetic evidence of relatedness with other indi-
viduals included in the sample. Principal component (PC) analysis was applied via EIGEN-
STRAT [32] to model population structure and any outlier individuals were excluded. Ten PCs
were included as covariates in the genetic analyses to control for the effects of population
stratification.
Polygenic risk score calculation. The polygenic risk scores were constructed using the
results from a large mega-analysis from the SchizophreniaWorking Group of the Psychiatric
Genomics Consortium [17]. For the purpose of the analysis, PRS was constructed based on the
PGC2 leave-one-out discovery dataset, excluding theWTCCC2 sample (http://www.wtccc.org.
uk/ccc2/) as this contained GAP participants. The GAP cohort therefore represents an inde-
pendent validation dataset. A subset of around 9.5 million imputed autosomal SNPs was
selected. SNPs were pruned using the ‘clumping’ procedure implemented in PLINK [33],
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which retains from each LD block those SNPs most associated with schizophrenia in the dis-
covery set and removes SNPs in high LD showing less evidence of association (maximum r2 =
0.1, window = 250kb, filtering for significance).Using ten significance thresholds, the number
of risk alleles possessed by each individual in the target sample was calculated, weighted by the
log odds ratio from the discovery sample, and aggregated into a polygenic score [17].
Following QC, there were 80 white European first-presentation psychosis cases and 110
white European unaffected controls with both genome-wide genotype data and childhood
adversity information available. We could only include participants of white European parent-
age to ensure a meaningful analysis of interaction as the schizophrenia PRS in GAP partici-
pants with African ancestry was much less predictive of psychosis (1% of variance explained)
[24].
Ethics
This study was part of the GAP study, which was granted ethical approval by the South London
and Maudsley and Institute of Psychiatry Local Research Ethics Committee. All cases and con-
trol subjects included in the study gave informedwritten consent, after reading a detailed infor-
mation sheet, to participate in the study and to publication of data originating from the study.
Statistical analysis
A composite variable was computed to summarise how many of the different adversities had
been experiencedby each individual, following the guidelines published by Bifulco et al. [29].
This ‘total adversity’ score involved summing the dichotomous CECA.Q severity subscale
scores (range 0–6) and then recoding the total into an ordinal scale of 0 (none), 1 (single
adverse experience), and 2 (multiple adverse experiences).
The association between the schizophrenia PRS and the presence or absence of (i) psychotic
disorder, and (ii) childhood adversity (i.e., gene–environment correlation) was tested using a
logistic regression model, controlling for population stratification, sex, age and education level,
because such factors could potentially bias the results. This analysis was performed separately
for cases and controls in order to test if the PRS was associated with childhood adversity in
both groups. The cumulative effect of childhood adversity was also tested for association with
case/control status.
Possible interaction between childhood adversity and PRS was investigated using an addi-
tive model to test interaction as departure from additivity. This means that the combined effect
of PRS and environment differs from the sum of their individual effects. Departure from addi-
tivity seems to be more in line with biological interaction [34]. It is also more relevant to clini-
cal and public health implications. Interaction as departure from additivity was tested using
linear regression of psychosis case/control status on the interaction term, with covariates of
age, gender, level of education and 10 PCs to take population stratification into account. The
interactionmodel was also adjusted for PC × environment and PC × PRS interactions [35].
Effects were considered significant when p-values were<0.05 or when 95% confidence inter-
vals did not contain zero. All analyses were conducted using R (http://www.r-project.org).
Results
Sample characteristics
Sample characteristics are shown in Table 1. Information on childhood adversities was avail-
able for 285 first-presentation psychosis patients and 256 unaffected controls. Compared with
controls, and in line with what would be expected, psychosis cases had a lower level of
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education (p<0.001), and were more often of non-white ethnicity (p<0.001). There was no sig-
nificant difference between psychosis cases and controls in terms of gender (p = 0.065) and age
(p = 0.733).
In the subset of the GAP sample with PRS data (80 white first-episode psychosis cases and
110 white controls), there were no significant differences between the psychosis cases and com-
munity controls in terms of gender and age, but controls were more likely to hold university or
professional qualifications than cases. This underlines the importance of controlling for educa-
tional level in the subsequent analyses. This subsample did not differ in terms of gender (cases:
χ2 = 1.33, p = 0.249; controls: χ2 = 0.03, p = 0.900) or age (cases: t = 0.09, p = 0.930; controls: t =
-1.14, p = 0.256) from those with no PRS data available.
Baseline diagnoses were available on 218 psychosis cases with a complete CECA.Q from the
GAP study. Of these cases, 150 (68.8%) had an ICD-10 diagnosis of schizophrenia-spectrum
disorders, 42 (19.3%) of affective psychosis, and the rest of the cases (n = 26, 11.9%) were classi-
fied as ‘other psychosis’. Similarly, in the subsample with PRS data available, 37 (60.7%) cases
had an ICD-10 diagnosis of schizophrenia-spectrumdisorders, 15 (24.5%) of affective psycho-
sis, and 9 cases (14.8%) were classified as ‘other psychosis’.
Childhood adversity, polygenic score, and risk for psychotic disorder
Psychosis cases in the full CECA.Q sample had experienced significantlymore childhood
adversities than controls (Table 2). The most prevalent forms of adversity prior to the age of 17
Table 1. Genes and Psychosis (GAP) study sample characteristics.
Overall sample PRS subsample
Demographic variable Cases Controls Cases Controls
(N = 285) (N = 256) χ2 df (N = 80) (N = 110)
n (%) n (%) χ2 df p n (%) n (%) χ2 df p
Gender 2.57 1 0.065 0.10 1 0.756
Men 172 (60.4) 137 (53.5) 44 (55.0) 58 (52.7)
Women 113 (39.6) 119 (46.5) 36 (45.0) 52 (47.3)
Ethnicitya 32.60 5 <0.001
White British 72 (25.3) 102 (39.8)
Black Caribbean 56 (19.6) 39 (15.2)
Black African 65 (22.8) 32 (12.5)
White Other 30 (10.5) 50 (19.5)
Asian (all) 24 (8.4) 16 (6.3)
Other 38 (13.3) 17 (6.6)
Level of education 76.73 4 <0.001 26.56 4 <0.001
No qualifications 48 (17.6) 7 (3.0) 19 (23.7) 2 (2.0)
GCSE/O level 64 (23.5) 23 (10.0) 12 (15.0) 12 (12.0)
A level 40 (14.7) 53 (22.9) 11 (13.7) 22 (22.0)
Vocational 66 (24.3) 37 (16.0) 16 (20.0) 14 (14.0)
University or professional qualifications 54 (19.9) 111 (48.1) 22 (27.5) 50 (50.0)
Age in years t = 0.342 536 0.733 t = 0.79 187 0.431
Mean (S.D.) 28.9 (9.3) 29.2 (9.9) 28.8 (9.5) 30 (10.4)
Notes: df, degrees of freedom; GCSE, General Certificate of Secondary Education; PRS, polygenic risk score; S.D., standard deviation. Figures in bold
indicate p<0.05.
aThis comparison is not applicable for the PRS subsample as both cases and controls were selected to be of White European ancestry.
doi:10.1371/journal.pone.0163319.t001
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years amongst both psychosis cases (56.6%) and unaffected controls (35.7%) were separation
from biological father or mother for at least six months. First-presentation psychosis patients
were more than two times more likely to report exposure to two or more childhood adversities
compared with controls (p = 0.003). In fact, a score test for trend provided evidence for a linear
trend (z = 4.97, p<0.001), indicating a dose-response effect for repeated adverse experiences.
The cumulative effect of childhood adversity on psychosis status also held in the subsample
with PRS data (z = 2.58, p = 0.010). The association with psychosis was slightly stronger for
participants who reportedmultiple (OR = 2.55) than single (OR = 2.15) adverse childhood
experiences in this subsample. However, after adjusting for demographic confounders, the
association between single or multiple childhood adversities and psychosis remained only at a
trend level of significance.
Furthermore, higher polygenic scores significantly predicted psychosis case status in this
subsample (adjusted b = 7.68, 95% CI 3.69–11.66, p<0.001), and the association held when the
sample was restricted to those cases with an ICD-10 diagnosis of schizophrenia-spectrumdis-
orders (adjusted b = 8.86, 95% CI 3.55–14.16, p = 0.001).
Gene-environment interaction. To rule out the possibility of gene-environment correla-
tion, we examined the associations between PRS and childhood adversity measures, adjusting
for PCs and demographic confounders. Table 3 shows the results of gene-environment correla-
tions in cases and controls, respectively (results without adjustment for education are provided
in S1 Table). In both first-presentation psychosis cases and unaffected controls, higher poly-
genic scores were not significantly associated with childhood adversity. Therefore, no evidence
of gene-environment correlation was found in either group. Sensitivity analyses confirmedno
association between PRS and childhood adversity in those cases with a diagnosis of schizophre-
nia-spectrumdisorders (results are provided in S2 Table).
Table 2. Prevalence of childhood adversities amongst first-presentation psychosis cases and unaffected controls.
Total adversity exposure Cases Controls Unadjusted OR 95% CI p Adjusted OR* 95% CI p
n/N (%) n/N (%)
Overall sample
None 82/285 (28.8) 130/256 (50.8) 1.0 - - 1.0 - -
One type 121/285 (42.4) 81/256 (31.6) 2.37 1.60–3.51 <0.001 2.01 1.30–3.11 0.002
Two or more types 82/285 (28.8) 45/256 (17.6) 2.88 1.83–4.56 <0.001 2.17 1.31–3.61 0.003
PRS sample
None 34/86 (39.6) 66/110 (59.1) 1.0 - - 1.0 - -
One type 31/86 (36.0) 28/110 (25.4) 2.15 1.11–4.15 0.023 1.72 0.85–3.50 0.133
Two or more types 21/86 (24.4) 16/110 (15.5) 2.55 1.18–5.51 0.017 2.06 0.89–4.74 0.090
Notes: CI, confidence interval. OR, odds ratio. PRS, polygenic risk score. Figures in bold indicate p<0.05.
*Adjusted for gender, age at interview, ethnicity and level of education.
doi:10.1371/journal.pone.0163319.t002
Table 3. Associations between the schizophrenia polygenic risk score and reports of childhood adversity.
Gene–Environment correlation Adjusted b* 95% CI p Adjusted b** 95% CI p
Psychosis Cases 2.26 -3.87–8.38 0.470 1.71 -5.37–8.78 0.636
Unaffected Controls 0.95 -3.35–5.26 0.664 2.77 -1.92–7.47 0.247
Notes: CI, confidence interval. b, logistic regression coefficient.
*adjusted for ten principal components.
**further adjusted for gender, age at interview and education level.
doi:10.1371/journal.pone.0163319.t003
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The results of interaction between PRS and multiple childhood adversities on the presence
of psychotic disorder showed no evidence for interaction as departure from additivity (Table 4;
and without adjustment for education in S3 Table), indicating that the cumulative effect of the
number of childhood adversities reported on first presentation for psychosis was not moder-
ated by the schizophrenia PRS (p = 0.918). Sensitivity analyses also confirmedno interaction
between PRS and childhood adversity in those cases with a diagnosis of schizophrenia-spec-
trum disorders (results are provided in S4 Table).
Discussion
There has been a shift in psychiatric genetics towards using polygenic risk scores rather than
candidate genes to index genetic risk for mental illness. In this study, polygenic risk scores
derived from a schizophrenia GWAS by the Psychiatric Genomics Consortium [17] were tested
for their ability to predict psychosis case/control status in this ethnically-restricted sample for
whom data on early life exposures were available. Moreover, childhood adversity was tested for
an interaction with this PRS. A direct molecularmeasure of genetic risk was used to show that
the association between childhood adversity and psychosis is unlikely to be explained by gene-
environment correlation.We defined this as a pilot study as these exploratory analyses were
conducted as a “small-scale test of the methods and procedures to be used on a larger scale”
[36]. The fundamental purpose of conducting this pilot study was, in fact, to examine the feasi-
bility of a using a polygenic GxE interaction approach in psychosis in order to conduct analyses
in a future larger-scale study.
As expected, the schizophrenia PRS predicted psychotic disorder in this GAP subsample,
consistent with results in the full sample [24]. Similarly, in the GAP European subsample, cases
had on average higher adjusted PRS than controls, with standardizedmean difference of 0.54,
following correction for population stratification, and the association significantly held for
both schizophrenia (R2 = 16.3%, p = 3.710−7) and other psychoses groups (R2 = 2.7%,
p = 0.03) [24]. This is in line with previous studies [23] demonstrating that cumulative genetic
risk predicted case–control status for psychosis across independent samples at a high signifi-
cance level. The predictive power of the PRS, based on the much larger PGC dataset, allowed
these questions to be investigated in a smaller dataset than would be required for candidate
gene by environment analysis [37]. The cumulative effect of childhood adversity was also a sig-
nificant predictor of case/control status, consistent with previous studies that demonstrated
multiple adversities were associated with increased risk for psychosis [3]. We have previously
shown evidence of specificity between adverse childhood events and manifestations of psy-
chotic disorders. Specifically, childhood sexual abuse, physical abuse and parental separation
showed significant associations with positive psychotic symptom dimensions (e.g., delusions,
Table 4. Interaction between the schizophrenia polygenic risk score and reports of childhood adversity on presence of psychotic disorder.
Gene–Environment Interaction b* Std. Error p Adjusted b** Std. Error p
PRS 0.39 0.14 0.004 0.43 0.14 0.002
Childhood adversity 0.21 0.42 0.623 -0.05 0.43 0.902
PRS* Childhood adversity 0.04 0.40 0.918 -0.20 0.41 0.632
Notes: PRS, Childhood adversity and their interaction were standardised by subtracting the mean and dividing by the standard deviation prior to fitting the
model.
b, linear regression coefficient. PRS, polygenic risk score. Std. Error, Standard Error. Figures in bold indicate p<0.05.
*adjusted for ten principal components.
**further adjusted for gender, age at interview and education level.
doi:10.1371/journal.pone.0163319.t004
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hallucinatory behaviour) [38]. However, we found no difference in terms of age at onset, dura-
tion of untreated psychosis and overall clinical functioning between first-episode psychosis
patients who reported childhood adversity and those who did not [39]. Due to limited sample
size it was not possible in this study to conduct more fine-grained analyses of childhood adver-
sity in interaction with PRS in relation to specific aspects of psychosis. Therefore, the patho-
plastic influence of childhood adversity in conjunction with PRS on psychosis still needs
further investigation.
Polygenic risk scores for schizophrenia did not increase exposure to, or reporting of, child-
hood adversity in cases and controls. This is in line with previous findings which showed no
statistically significant correlations between PRS and childhood adverse events in both clinical
and non-clinical samples [19,21]. Similar findings come from studies on candidate gene associ-
ations with history of childhood adversity in psychosis. For instance, Ajnakina et al. [12]
found, in the same psychosis sample used for this study, that FKBP5 genotype at rs1360780
locus was not associated with exposure to childhood adversity.
Moreover, our results show no moderation of the association between childhood adversity
and psychosis by PRS for schizophrenia, using an additive model. These findings are in line
with previous studies reporting that the effect of childhood trauma on later experience of psy-
chotic symptoms was independent of proxy genetic liability to psychosis [5,9–11]. Overall,
these results suggest that biological and environmental risk factors are both important in the
etiology of psychosis but the effects of some forms of childhood adversity act largely indepen-
dently of pre-existing genetic liability to increase risk of psychosis. This is in agreement with
previous findings by Mullins et al. [20], which found no additive interaction between PRS and
childhood adversity for recurrent depression. In contrast, Peyrot et al. [19] investigated
whether the effect of polygenic risk scores on major depressive disorders was moderated by
childhood trauma and found evidence for interaction as departure from bothmultiplicative
and additive risks. Clearly, further studies are required to resolve these inconsistencies.
Limitations
Despite this being a novel study, a number of limitations need to be taken into account. Firstly,
the choice a priori of an additive model in our study was, along with Rothman et al [40], driven
by a public health perspective (whether new cases of disease will be produced when individuals
are exposed to two risk factors beyond what would be expected from the impact of the risk fac-
tors on their own). However, Zammit et al. [41] argued that multiplicative statistical models
are likely to provide a better fit than additive ones for modelling the joint relationship of expo-
sures on disease risk. Nonetheless, multiplicative models are consideredmore complex and
error-prone in their estimation than additive models [42]. Given that these statistical models
can give different results [42], our choice to utilise an additive model may have influenced our
findings.
Secondly, as a retrospective study, our results are potentially sensitive to recall bias of child-
hood adversity. However, we used the CECA.Q [29] to improve the validity of the adverse
experiences reported by participants. This questionnaire is designed to elicit concrete examples
of adverse experiences and was read out loud to participants by trained researchers in order to
improve the accuracy of the answers. Furthermore, we scored the severity of the responses in a
standardisedmanner (see http://cecainterview.com/), using conservative cut-offs to ensure that
only severe childhood adverse experienceswere included in the analyses. Moreover, the use of
retrospective assessment is common in studies investigating the role of childhood risk factors
in clinically-relevant psychotic disorders, as it allows us to ask these important questions with-
out reliance on excessively large (non-existent) samples followed up from childhood.Although
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some bias in retrospective reports has been demonstrated [43], it cannot be considered suffi-
cient to render retrospective case–control studies of childhood experiences invalid [44]. More-
over, it has been shown that the impact of childhood adversity on psychosis is not confounded
by the type of study design utilized [2] and psychosis patients are reliable and consistent over
time in recalling histories of childhood adversity, regardless of the severity of current symp-
toms [31]. All of these factors increase the accuracy of an individual’s recall of past adverse
experiences [44].
Although efforts were made to obtain a control sample that was representative of the local
community population, it was not randomly selected and thus it is possible that this may
have led to erroneous findings. The final sample of controls used in the current analyses was
similar, according to the last UK census data, on a number of socio-demographic factors,
such as gender and age, to the population that the cases came from (www.statistics.gov.uk/
census/2001census). However, controls included in this study were more likely to beWhite
British and with a higher level of education compared to cases, and we controlled for these
demographic characteristics in all the analyses. In the current study, the rates of childhood
adversity within the control sample were similar to those found in surveys of the UK general
population [45], suggesting that this aspect of the control sample is unlikely to have affected
the results.
Moreover, the sample was underpowered to detect the likely genetic and environmental
interactions in psychosis. However, detection of ‘real’ interaction effects is dependent upon the
accuracywith which the effects of each SNP included in the PRS are estimated within the ‘dis-
covery sample’ and this is more likely when larger sample sizes are utilised [37]. As the schizo-
phrenia PRS used in the current study was derived from the PGC [17] based on 34,241
schizophrenia cases and 45,604 controls, we can assume that this PRS was estimated with a rea-
sonably high level of precision.
The participants in our subsample with PRS data were of white European descent, which
may limit the generalizability of the present findings to different ancestral backgrounds. Princi-
pal components of ancestry were included as covariates in these analyses, as very subtle effects
of population stratification at single SNPs could accumulate across the thousands of genetic
variants in a polygenic score.
PRS capture a significant proportion of genetic liability as they are based on genome-wide
SNP data [46]. However, PRS do not distinguish between SNPs that strengthen or reduce the
association between childhood adversity and psychosis [19]. Jaffee and Price [47] have also
warned that as polygenic risk scores aggregate information across thousands of SNPs they in
essence provide a more “black box” genetic risk estimate than candidate genes. However, we
have consistently shown in this sample that childhood adversity and familial liability did not
combine synergistically to increase odds of psychosis beyond the effect of each individually
[11].
Additionally, the cross-sectional design of this study limits causal inference. However, the
absence of gene-environment correlations between PRS and childhood adversities in both
cases and controls limits the possibility of bias from reciprocal causation.
Lastly, in this study we focused only on specific adverse childhood experiencesmeasured by
the CECA.Q. Other environmental risk factors, such as cannabis use [48] or trauma occurring
in adulthood [49], which have previously shown strong associations with psychotic disorder,
might act as confounders or moderators of the childhood adversity-psychosis association. Ide-
ally, future studies should include larger samples and a range of environmental risk factors in
order to further improve our understanding of the etiology of psychosis.
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Potential pathways from adversity to psychosis onset
The etiology of psychosis may be better understood by considering several layers of explana-
tions, psychological as well neurobiological.Disturbances in childhood attachment, as a conse-
quence of adverse childhood experiences,might lead to development of dysfunctional
appraisals about the self and the world, such as hostile attributions of others' intentions, nega-
tive self-perceptions and lack of personal control over events, and these could be related to the
onset and maintenance of psychotic phenomena [50]. Exposure to childhood adversity might
also “sensitize” a person with genetic vulnerabilities to psychosis towards other stressors
which, in turn, correspond to exaggerated emotional response at a behavioral level [51] and to
an imbalance of the dopamine neurotransmission between prefrontal cortex and mesolimbic
circuits [52], which is relevant to positive symptom formation [53]. In these ways, exposure to
childhood adversity may be involved in the etiology of psychosis at a level that is distal to
genetic vulnerability, which might be another reason why an interaction with PRS was not
found in this study.
Clinical implications
According to the liability threshold model, individuals within a population show a varying lia-
bility to disorder, and only those individuals whose liability exceeds the threshold will develop
clinical illness [54]. In keeping with this model, the direct effects found within this sample of
childhood adversity and a schizophrenia PRS on psychosis has several potential implications.
The first is that the PRS for schizophrenia, accounting for around a quarter (23%) of trait vari-
ance [55], may help in predicting those at risk of psychosis, which potentially yields exciting
opportunities for targeting specific clinical interventions, but also aids in planning possible
future prevention programmes for individuals considered at risk and in improving public
health strategies for psychosis [56]. Additionally, the high prevalence of childhood adversity
amongst those experiencing psychosis, with the magnitude of such an association increasing in
those reportingmultiple adversities, emphasizes the need for early intervention programs to
focus on these events, for example, by screening for childhood adversity, and offering specific
treatments to reduce the high levels of emotional arousal and distress which result from the
experience of early adversities. Therefore, it is imperative that clinicians enquire routinely
about childhood adversities when they try to assist people experiencing clinically-relevant psy-
chotic disorders.
Schizophrenia has been suggested to be a ‘pathway disease’ [57], and genetic evidence has
shown glutamatergic, GABAergic, and dopaminergic signalling disruptions, in connection
with immune and neurodevelopmental pathways. These pathways have been found to also be
disrupted in victims of childhood adversity [58]. Future research should therefore be con-
ducted using longitudinal studies with objective prospective environmental measures collected
alongside genetic data [59] to better investigate the etiology of psychosis.
Supporting Information
S1 Table. Associations between the schizophreniapolygenic risk score and reports of child-
hood adversity adjusted only for principal components, gender and age at interview.
(DOCX)
S2 Table. Associations between the schizophreniapolygenic risk score and reports of child-
hood adversity in cases with schizophrenia-spectrumdisorders.
(DOCX)
Schizophrenia Polygenic Risk Score x Childhood Adversity in Psychosis
PLOS ONE | DOI:10.1371/journal.pone.0163319 September 20, 2016 10 / 14
S3 Table. Interaction between the schizophreniapolygenic risk score and reports of child-
hood adversity on presence of psychotic disorders adjusted only for principal components,
gender and age at interview.
(DOCX)
S4 Table. Interaction between the polygenic risk score and reports of childhoodadversity
on presence of schizophrenia-spectrum disorders.
(DOCX)
Acknowledgments
The authors gratefully acknowledge the help of the GAP study team, all study participants, the
South London &Maudsley Mental Health NHS Foundation Trust, Dr. Paddy Power, consul-
tant psychiatrist, Lambeth Early Onset Psychosis team, the UK National Institute of Health
Research (NIHR) Biomedical Research Centre, and the Institute of Psychiatry, Psychology &
Neuroscience, King's College London.
Author Contributions
Conceptualization:AT EV HLF RMMCIMDF KJA PCS DDC SSC VM.
Data curation:AT EV HLF CI.
Formal analysis:AT EV.
Funding acquisition: RMMDFHLF CI KJA.
Investigation: AT MDF VM.
Methodology:RMMMDF PCS DDC SSC.
Project administration:MDF.
Resources:KJA CI PCS DDC SSC.
Supervision:RMMHLF EVMDF PCS.
Writing – original draft:AT.
Writing – review& editing:AT EV HLF RMMCIMDF KJA PCS DDC SSC VM.
References
1. Scha¨fer I, Fisher HL. Childhood trauma and psychosis—what is the evidence? Dialogues Clin Neu-
rosci. 2011; 13(3): 360–365. PMID: 22033827
2. Varese F, Smeets F, Drukker M, Lieverse R, Lataster T, Viechtbauer W, et al. Childhood adversities
increase the risk of psychosis: a meta-analysis of patient-control, prospective- and cross-sectional
cohort studies. Schizophr Bull. 2012; 38(4): 661–671. doi: 10.1093/schbul/sbs050 PMID: 22461484
3. Shevlin M, Houston JE, Dorahy MJ, Adamson G. Cumulative traumas and psychosis: an analysis of
the national comorbidity survey and the British Psychiatric Morbidity Survey. Schizophr Bull. 2008; 34
(1): 193–199. PMID: 17586579
4. Alemany S, Goldberg X, van Winkel R, Gasto´ C, Peralta V, Fañana´s L. Childhood adversity and psy-
chosis: examining whether the association is due to genetic confounding using a monozygotic twin dif-
ferences approach. Eur Psychiatry. 2013; 28: 207–212. doi: 10.1016/j.eurpsy.2012.03.001 PMID:
22944339
5. Arseneault L, Cannon M, Fisher HL, Polanczyk G, Moffitt TE, Caspi A. Childhood trauma and chil-
dren’s emerging psychotic symptoms: A genetically sensitive longitudinal cohort study. Am J Psychia-
try. 2011; 168: 65–72. doi: 10.1176/appi.ajp.2010.10040567 PMID: 20952460
Schizophrenia Polygenic Risk Score x Childhood Adversity in Psychosis
PLOS ONE | DOI:10.1371/journal.pone.0163319 September 20, 2016 11 / 14
6. Asarnow RF, Nuechterlein KH, Fogelson D, Subotnik KL, Payne DA, Russell AT, et al. Schizophrenia
and schizophrenia-spectrum personality disorders in the first-degree relatives of children with schizo-
phrenia: the UCLA family study. Arch Gen Psychiatry. 2001; 58(6): 581–588. PMID: 11386988
7. Heins M, Simons C, Lataster T, Pfeifer S, Versmissen D, Lardinois M, et al. Childhood trauma and psy-
chosis: a case-control and case-sibling comparison across different levels of genetic liability, psycho-
pathology, and type of trauma. Am J Psychiatry. 2011; 168: 1286–1294. doi: 10.1176/appi.ajp.2011.
10101531 PMID: 21955935
8. Pfeifer S, Krabbendam L, Myin-Germeys I, Derom C, Wichers M, Jacobs N, et al. A cognitive interme-
diate phenotype study confirming possible gene-early adversity interaction in psychosis outcome: a
general population twin study. Psychosis. 2010; 2: 1–11.
9. Wigman JT, van Winkel R, Ormel J, Verhulst FC, van Os J, Vollebergh WA. Early trauma and familial
risk in the development of the extended psychosis phenotype in adolescence. Acta Psychiatr Scand.
2012; 126: 266–273. doi: 10.1111/j.1600-0447.2012.01857.x PMID: 22486536
10. Fisher HL, McGuffin P, Boydell J, Fearon P, Craig TK, Dazzan P, et al. Interplay between childhood
physical abuse and familial risk in the onset of psychotic disorders. Schizophr Bull. 2014; 40(6): 1443–
1451. doi: 10.1093/schbul/sbt201 PMID: 24399191
11. Trotta A, Di Forti M, Iyegbe C, Green P, Dazzan P, Mondelli V, et al. Familial risk and childhood adver-
sity interplay in the onset of psychosis. BJPsych Open. 2015; 1: 6–13.
12. Ajnakina O, Borges S, Di Forti M, Patel Y, Xu X, Green P, et al. Role of Environmental confounding in
the association between FKBP5 and first-episode psychosis. Front Psychiatry. 2014; 5: 84. doi: 10.
3389/fpsyt.2014.00084 PMID: 25101008
13. Collip D, Myin-Germeys I, Wichers M, Jacobs N, Derom C, Thiery E, et al. FKBP5 as a possible moder-
ator of the psychosis-inducing effects of childhood trauma. Br J Psychiatry. 2013; 202(4): 261–268.
doi: 10.1192/bjp.bp.112.115972 PMID: 23429203
14. Aas M, Haukvik UK, Djurovic S, Bergmann O, Athanasiu L, Tesli MS, et al. BDNFval66met modulates
the association between childhood trauma, cognitive and brain abnormalities in psychoses. Prog Neu-
ropsychopharmacol Biol Psychiatry. 2013; 46: 181–188. doi: 10.1016/j.pnpbp.2013.07.008 PMID:
23876786
15. Aas M, Haukvik UK, Djurovic S, Tesli M, Athanasiu L, Bjella T, et al. Interplay between childhood
trauma and BDNF val66met variants on blood BDNF mRNA levels and on hippocampus subfields vol-
umes in schizophrenia spectrum and bipolar disorders. J Psychiatr Res. 2014; 59: 14–21. doi: 10.
1016/j.jpsychires.2014.08.011 PMID: 25246365
16. Green MJ, Chia TY, Cairns MJ, Wu J, Tooney PA, Scott RJ, et al. Catechol-O-methyltransferase
(COMT) genotype moderates the effects of childhood trauma on cognition and symptoms in schizo-
phrenia. J Psychiatr Res. 2014; 49: 43–50. doi: 10.1016/j.jpsychires.2013.10.018 PMID: 24252819
17. Schizophrenia Working Group of the Psychiatric Genomics Consortium. Biological insights from 108
schizophrenia-associated genetic loci. Nature. 2014; 511(7510): 421–427. doi: 10.1038/nature13595
PMID: 25056061
18. Purcell SM, Wray NR, Stone JL, Visscher PM, O’Donovan MC, Sullivan PF, et al. Common polygenic
variation contributes to risk of schizophrenia and bipolar disorder. Nature. 2009; 460: 748–752. doi: 10.
1038/nature08185 PMID: 19571811
19. Peyrot WJ, Milaneschi Y, Abdellaoui A, Sullivan PF, Hottenga J.J, Boomsma D.I., et al. Effect of poly-
genic risk scores on depression in childhood trauma. Br J Psychiatry. 2014; 205(2): 113–119. doi: 10.
1192/bjp.bp.113.143081 PMID: 24925986
20. Mullins N, Power RA, Fisher HL, Hanscombe KB, Euesden J, Iniesta R, et al. Polygenic interactions
with environmental adversity in the aetiology of major depressive disorder. Psychol Med. 2016; 46(4):
759–770. doi: 10.1017/S0033291715002172 PMID: 26526099
21. Wickrama KK, O’Neal CW, Oshri A. Are stressful developmental processes of youths leading to health
problems amplified by genetic polymorphisms? The case of body mass index. J Youth Adolesc. 2014;
43(7): 1096–1109. doi: 10.1007/s10964-014-0109-8 PMID: 24609842
22. Salvatore JE, Aliev F, Edwards AC, Evans DM, Macleod J, Hickman M, et al. Polygenic scores predict
alcohol problems in an independent sample and show moderation by the environment. Genes. 2014; 5
(2): 330–346. doi: 10.3390/genes5020330 PMID: 24727307
23. Meyers JL, Cerda M, Galea S, Keyes KM, Aiello AE, Uddin M, et al. Interaction between polygenic risk
for cigarette use and environmental exposures in the Detroit neighborhood health study. Transl Psychi-
atry. 2013; 3: e290. doi: 10.1038/tp.2013.63 PMID: 23942621
24. Vassos E, Di Forti M, Coleman J, Iyegbe C, Prata D, Euesden J, et al. An examination of polygenic
score risk prediction in individuals with first episode psychosis. Biol Psychiatry. 2016; doi: 10.1016/j.
biopsych.2016.06.028
Schizophrenia Polygenic Risk Score x Childhood Adversity in Psychosis
PLOS ONE | DOI:10.1371/journal.pone.0163319 September 20, 2016 12 / 14
25. World Health Organisation. The ICD-10 Classification of Mental and Behavioural Disorders: Clinical
Descriptions and Diagnostic Guidelines. Geneva: World Health Organisation; 1992.
26. World Health Organisation. Schedules for the Clinical Assessment of Neuropsychiatry. Geneva:
World Health Organisation; 1994.
27. McGuffin P, Farmer A, Harvey I. A polydiagnostic application of operational criteria in studies of psy-
chotic illness. Development and reliability of the OPCRIT system. Arch Gen Psychiatry. 1991; 48:
764–770. PMID: 1883262
28. Bebbington P, Nayani T. The psychosis screening questionnaire. J Methods Psychiatr Res. 1995; 5:
11–20.
29. Bifulco A, Bernazzani O, Moran PM, Jacobs C. The Childhood Experiences of Care and Abuse Ques-
tionnaire (CECA.Q)–validation in a community series. Br J Clin Psychol. 2005; 44: 563–581. PMID:
16368034
30. Smith N, Lam D, Bifulco A, Checkley S. Childhood Experience of Care and Abuse Questionnaire
(CECA.Q): validation of a screening instrument for childhood adversity in clinical populations. Soc Psy-
chiatry Psychiatr Epidemiol. 2002; 37: 572–579. PMID: 12545234
31. Fisher HL, Craig TK, Fearon P, Morgan K, Dazzan P, Lappin J, et al. Reliability and comparability of
psychosis patients’ retrospective reports of childhood abuse. Schizophr Bull. 2011; 37: 546–553. doi:
10.1093/schbul/sbp103 PMID: 19776204
32. Price AL, Patterson NJ, Plenge RM, Weinblatt ME, Shadick NA, Reich D. Principal components analy-
sis corrects for stratification in genome-wide association studies. Nat Genet. 2006; 38(8): 904–909.
PMID: 16862161
33. Cardon LR, Palmer LJ. Population stratification and spurious allelic association. Lancet. 2003; 361
(9357): 598–604. PMID: 12598158
34. Knol MJ, van der Tweel I, Grobbee DE, Numans ME, Geerlings MI. Estimating interaction on an addi-
tive scale between continuous determinants in a logistic regression model. Int J Epidemiol. 2007; 36:
1111–1118. PMID: 17726040
35. Keller MC. Gene x environment interaction studies have not properly controlled for potential confound-
ers: the problem and the (simple) solution. Biol Psychiatry. 2014; 75: 18–24. doi: 10.1016/j.biopsych.
2013.09.006 PMID: 24135711
36. Porta M. A dictionary of epidemiology. 5th ed. Oxford: Oxford University Press; 2008.
37. Vinkhuyzen AA, Wray NR. Novel directions for G × E analysis in psychiatry. Epidemiol Psychiatr Sci.
2015; 24(1): 12–19. doi: 10.1017/S2045796014000584 PMID: 25295644
38. Ajnakina O, Trotta A, Oakley-Hannibal E, Di Forti M, Stilo SA, Kolliakou A, et al. Impact of childhood
adversities on specific symptom dimensions in first-episode psychosis. Psychol Med. 2016; 46(2):
317–326. doi: 10.1017/S0033291715001816 PMID: 26383785
39. Trotta A, Murray RM, David AS, Kolliakou A, O’Connor J, Di Forti M, et al. Impact of Different Child-
hood Adversities on 1-Year Outcomes of Psychotic Disorder in the Genetics and Psychosis Study.
Schizophr Bull. 2016; 42(2): 464–475. doi: 10.1093/schbul/sbv131 PMID: 26373540
40. Rothman KJ, Greenland S, Lash TL. Modern Epidemiology ( 3rd edn). Philadelphia: Lippincott Wil-
liams & Wilkins; 2008.
41. Zammit S, Lewis G, Dalman C, Allebeck P. Examining interactions between risk factors for psychosis.
Br J Psychiatry 2010; 196: 207–211.
42. Kendler KS., Gardner CO. Interpretation of interactions: guide for the perplexed. Br J Psychiatry. 2010;
197: 170–171. doi: 10.1192/bjp.bp.110.081331 PMID: 20807958
43. Della Femina D, Yeager CA, Lewis DC. Child abuse: adolescent records versus adult recall. Child
Abuse Negl. 1990; 14: 227–231. PMID: 2340430
44. Hardt J, Rutter M. Validity of adult retrospective reports of adverse childhood experiences: review of
the evidence. J Child Psychol Psychiatry. 2004; 45(2): 260–273. PMID: 14982240
45. Radford L, Corral S, Bradley C, Fisher HL. The prevalence and impact of child maltreatment and other
types of victimization in the UK: findings from a population survey of caregivers, children and young
people and young adults. Child Abuse Negl. 2013; 37(10): 801–813. doi: 10.1016/j.chiabu.2013.02.
004 PMID: 23522961
46. Wray NR, Yang J, Hayes BJ, Price AL, Goddard ME, Visscher PM. Pitfalls of predicting complex traits
from SNPs. Nat Rev Genet. 2013; 14: 507–515. doi: 10.1038/nrg3457 PMID: 23774735
47. Jaffee SR, Price TS. The implications of genotype-environment correlation for establishing causal pro-
cesses in psychopathology. Dev Psychopathol. 2012; 24(4): 1253–1264. doi: 10.1017/
S0954579412000685 PMID: 23062295
Schizophrenia Polygenic Risk Score x Childhood Adversity in Psychosis
PLOS ONE | DOI:10.1371/journal.pone.0163319 September 20, 2016 13 / 14
48. Di Forti M, Morgan C, Dazzan P, Pariante C, Mondelli V, Marques TR, et al. High-potency cannabis
and the risk of psychosis. Br J Psychiatry. 2009; 195(6): 488–491. doi: 10.1192/bjp.bp.109.064220
PMID: 19949195
49. Beards S, Gayer-Anderson C, Borges S, Dewey ME, Fisher HL, Morgan C. Life events and psychosis:
a review and meta-analysis. Schizophr Bull. 2013; 39(4): 740–747. doi: 10.1093/schbul/sbt065 PMID:
23671196
50. Rajkumar RP. Childhood attachment and schizophrenia: the "attachment-developmental-cognitive"
(ADC) hypothesis. Med Hypotheses. 2014; 83(3): 276–281. doi: 10.1016/j.mehy.2014.05.017 PMID:
24957505
51. Myin-Germeys I, van Os J, Schwartz JE, Stone AA, Delespaul PA. Emotional reactivity to daily life
stress in psychosis. Arch Gen Psychiatry. 2001; 58(12): 1137–1144. PMID: 11735842
52. Deutch AY, Clark WA, Roth RH. Prefrontal cortical dopamine depletion enhances the responsiveness
of mesolimbic dopamine neurons to stress. Brain Res. 1990; 521(1–2): 311–315. PMID: 2119850
53. Kapur S, Mizrahi R, Li M. From dopamine to salience to psychosis—linking biology, pharmacology and
phenomenology of psychosis. Schizophr Res. 2005; 79(1): 59–68. PMID: 16005191
54. Wray NR, Visscher PM. Narrowing the boundaries of the genetic architecture of schizophrenia. Schi-
zophr Bull. 2010; 36(1): 14–23. doi: 10.1093/schbul/sbp137 PMID: 19996148
55. Iyegbe C, Campbell D, Butler A, Ajnakina O, Sham P. The emerging molecular architecture of schizo-
phrenia, polygenic risk scores and the clinical implications for GxE research. Soc Psychiatry Psychiatr
Epidemiol. 2014; 49(2): 169–182. doi: 10.1007/s00127-014-0823-2 PMID: 24435092
56. Fusar-Poli P, Borgwardt S, Bechdolf A, Addington J, Riecher-Ro¨ssler A, Schultze-Lutter F, et al. The
psychosis high-risk state: a comprehensive state-of-the-art review. JAMA Psychiatry. 2013; 70(1):
107–120. doi: 10.1001/jamapsychiatry.2013.269 PMID: 23165428
57. Sullivan PF. Puzzling over schizophrenia: schizophrenia as a pathway disease. Nat Med. 2012; 18:
210–211. doi: 10.1038/nm.2670 PMID: 22310687
58. McCrory E, De Brito SA, Viding E. The impact of childhood maltreatment: a review of neurobiological
and genetic factors. Front Psychiatry. 2011; 2(48): 1–14.
59. Moffitt TE, Caspi A, Rutter M. Strategy for investigating interactions between measured genes and
measured environments. Arch Gen Psychiatry. 2005; 62: 473–481. PMID: 15867100
Schizophrenia Polygenic Risk Score x Childhood Adversity in Psychosis
PLOS ONE | DOI:10.1371/journal.pone.0163319 September 20, 2016 14 / 14
